Aqui relatamos a síntese de novos 3-(2-cloroquinolin-3-il)-5-fenilisoxazóis (3a-j) substituídos por click chemistry com rendimentos bons a moderados. Esta abordagem baseia-se na cicloadição regiosseletiva catalisada por cobre(I) entre diferentes óxidos de nitrila derivados de 2-cloroquinolina-3-carbaldeídos (2a-j) e fenilacetileno. Finalmente, estes derivados foram testados para a sua avaliação antibacteriana in vitro contra três bactérias clínicas Gram-negativas: Escherichia coli, Pseudomonas aeruginosa e Acinetobacter baumannii utilizando métodos convencionais.
Introduction
Quinolines and their derivatives are an important group of heterocycles that possess a variety of commercial applications, such as pharmaceuticals, fragrances and dyes. 1 These nitrogen compounds are widely found in natural products, from classic examples, such as the alkaloids isolated from the bark of the cinchona tree, 2 to the antitumoral agent dynemicin A. 3 In recent years quinoline derivatives fused and/or substituted with heterocyclic rings were demonstrated to have significant biological activities. For example, the insertion of the benzimidazole ring at 4-position showed antimicrobial and antifungical activity ( Figure 1 , compound A). 4 The substitution of a triazole ring at 3-position of the 2-chloro-quinoline derivatives enhances antimicrobial and antifungical properties (compound B). 5 In addition, antimicrobial and antituberculosis activity was found by insertion of the oxazole 6 (compound C) and isoxazol 7 (compound D) ring in the quinoline core.
Isoxazole is a structure of special interest in the field of medicinal chemistry, and several biological activities for its derivatives have been reported. These include GABA A antagonist, 8 multi-resistant drug transport inhibition (MDR-1), 9 antitumoral, [10] [11] [12] tyrosine-kinase receptor antagonist, 13 antimicrobial, 14 antiviral, 15 antinociceptive, 16 and anti-asthmatic activities. 17 Click chemistry is a powerful reaction for making carbon-heteroatom-carbon bonds from widely available reagents in a reliable, quick and economic manner. It is also of importance in the process of drug discovery, chemical biology and proteomics. 18 One of its most common applications, copper(I)-catalyzed regioselective cycloaddition of azides and terminal alkynes, 19 has been examined in a large number of reports. [20] [21] [22] [23] [24] As part of our research group's interest in quinoline synthesis 25 and considering the good results achieved by synthesizing quinolines connected to other heterocycles, we envisaged combining the quinoline and the isoxazole in the same unit. This would be a notable advance in the synthesis of bioactive derivatives. Here we report the synthesis and initial screening of the antibacterial activity of the title compounds arrived at by the click chemistry approach.
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Results and Discussion
Isoxazolic synthesis has been widely studied 26, 27 and a large number of methods are known in the literature, including cyclocondensations between hydroxylamine and 1,3-dicarbonyl compounds, 28 α-β-unsaturated carbonyls [29] [30] [31] and α-β-unsaturated nitriles. 32 However, the copper-catalyzed version of acetylenes with dipoles such as nitrile oxides has been of great help in the regioselective synthesis of 3,5-disubstituted isoxazoles 33 ( Figure 2 ). In this investigation the quinoline system containing the key aldehyde functionality was prepared with the Vilsmeier reagent and the isoxazole ring synthesis was carried out using a regioselective copper(I)-catalyzed cycloaddition reaction.
Chemistry
Initially different commercially-substituted anilines were quickly transformed by the acetylation reaction in acetic acid and acetic anhydride in reflux for 3-4 hours, obtaining all the corresponding N-arylacetamides in high yields (1a-j). 2-chloroquinolin-3-carbaldehydes (2a-j), were prepared with the Vilsmeier reagent (DMF+POCl 3 ) and confirmed by FT-IR analyses where an intense absorption band between 1680-1695 cm −1 corresponding to the aldehyde group (Table 1) .
3-(2-chloroquinolin-3-yl)-5-phenylisoxazoles (3a-j) were synthesized by click chemistry approach using a regioselective copper(I)-catalyzed cycloaddition reaction (Scheme 3). We first synthetized the aldoxime by reacting of 2-chloro-quinolin-3-carbaldehydes (2a-j) with hydroxylamine hydrochloride in presence of NaOH. The nitrile oxide was obtained in situ by treatment with Chloramine-T, and the final compounds were achieved by cycloaddition reactions with the aromatic alkyne catalyzed by copper. The highly reactive nitrile oxides are chemically obtained by means of HCl elimination from hydroximinoyl chlorides commonly prepared through the use of a halogenating reagent (NaOCl, Cl 2 or NCS) in presence of a base (most frequently Et 3 N). However, the double functionality of Chloramine-T permits its use as a halogenating-dehalogenating agent in this reaction in a quick, simple and clean manner.
The infrared (IR) spectrum of this compound 3a-J shows an absorption band due to stretching (C=N) of the isoxazolic ring in the range of 1588-1598 cm -1 ( Table 2 ). All the derivatives were confirmed by 1 H nuclear magnetic resonance (NMR), 13 C NMR and mass spectra. The presence of the compounds was confirmed by analysis of the formation of the isoxazolic ring, where the isoxazolic proton CH-(4) is observed as a singlet with d = 7.09-7.12 ppm. In the 13 C NMR spectrum, the C-(4) of the isoxazolic ring resonates at d = 100.8-101.0 ppm.
Antibacterial studies
The in vitro antibacterial activity of the new synthetized derivatives (3a-j) was carried out using a microdilution method at different concentrations (125-2000 μg mL -1 ) and assayed against three different Gram-negative bacteria: Escherichia coli, Pseudomonas aeruginosa and Acinetobacter baumannii (clinical isolates), using G-Penicillin as a control. Compounds 3a-j bearing electron-withdrawing and electron-donating substituents on the benzene ring of the quinoline did not show any antibacterial activity to these three Gramnegative bacteria.
Conclusions
A new series of quinolines containing the isoxazole moiety 3-(2-chloroquinolin-3-yl)-5-phenylisoxazole (3a-j) has been synthesized using a click chemistry approach from good to moderate yields. These new compounds have been screened for antibacterial activity, but none exhibited specific activity. It can be concluded that the substitution of isoxazole at 3-position of the quinoline ring does not cause inhibition on the tested bacterias. Further investigation of synthetic methodology for the quinoline-isoxazole framework is in progress. 
. High-resolution electrospray ionization mass spectrometry (ESI-MS) and ESI-MS/MS analyses were conducted in a high-resolution hybrid quadrupole (Q) and orthogonal time-of-flight (TOF) mass spectrometer (Waters/ Micromass QTOF micro, Manchester, UK) with a constant nebulizer temperature of 100 °C. Reaction progress and the purity of the compounds were monitored by means of TLC using Merck Kieselgel 60 (230-240 mesh). All reagents were purchased from Merck and Sigma Aldrich Co. and used without further purification. All solvents used were dried and distilled prior to use.
General procedure for the synthesis of 3-(2-chloroquinolin-3-yl)-5-phenylisoxazol (3a-j)
The corresponding precursor, 2-chloroquinolin-3-carbaldehyde (2a-j) (1.0 equiv.) was added to a hydroxylamine solution (1.1 equiv.) in ethanol. Then NaOH was added (1.1 equiv.) to the reaction mixture, which was then stirred at room temperature for 45 minutes. The oxyme formation was corroborated by thin-layer chromatographic (TLC) analysis. Chloramine-T trihydrate (1.1 equiv.) was added, followed by CuSO 4 . 5H 2 O (0.03 equiv.) and Cu (0.01 equiv.). When a change of color was observed, 10 mL of THF followed by phenylacetylene (1.1 equiv.) were added to the solution and stirred for 8 hours. Once finished, the reaction was filtered to remove copper salts, washed with water, dried with anhydrous Na 2 SO 4 and recrystallized from ethanol. The derivatives which could not be purified using recrystallization techniques were purified using column chromatography in silica gel, using an 8:2 Hexane/EtOAc mixture as the mobile phase, except the derivative 2d, which was purified using only dichloromethane as the mobile phase. 
Antibacterial studies
The microorganisms used in the study were the three Gram-negative bacteria Escherichia coli, Pseudomonas aeruginosa and Acinetobacter baumannii, clinically isolated strains. Antibacterial assays were carried out using the doubling dilution method in 96-well microtiter plates. Bacterial suspensions were obtained from overnight cultures in Luria broth base nutrient broth (Gibco BRL, Scotland) grown at 25 °C and diluted to approximately 10 5 colony-forming units (CFU) per well in fresh medium. The compounds were dissolved in methanol as 5 mg mL 
